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Water and a copper sulfate (CSL) solution at 27, 57 and 88˚C; steam
pasteurization and dielectric heating were analyzed on their effect in reducing microbial
load (APC) and Salmonella Typhimurium on inshell pecans (Carya illinoinensis). The
CSL solution (more effective than water alone) reduced APC by 1.5 (300 s), 2 (60 s) and
4.0 (60 s) log CFU/g at 27, 57 and 88˚C, respectively; and Salmonella by 3.0 log at 27˚C
in 60 s. Steam reduced APC by 3.7 log in 180 s and Salmonella by 4.0 log CFU/g in 30 s.
Dielectric treatment reduced APC by 3.0 log and Salmonella by 4.5 log CFU/g in 60 s.
Most treatments had no effect on the pecan shell or the nut quality, except for dielectric
heating, which gave a slight “roasted” or “burnt” flavor to the nuts. This study showed
that a proper antimicrobial-hot water treatment, steam or dielectric heating will be
effective in “pasteurizing” pecans, resulting in a safe and wholesome product.
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CHAPTER I
INTRODUCTION
Food reserves and distribution in the United States are considered to be one of the
safest in the world. Abundant, diverse and nutritious food provided by producers,
processors, packagers and purveyors working under the vigilance of Federal and State
regulators is available in the United States (Shays 1999). However, the Centers for
Disease Control and Prevention (CDC) estimates that over 5000 people die and 76
million people become ill from unsafe food in the United States each year (GAO 2000;
WHO 2007). Most food professionals know that food safety is an important issue but few
individuals appreciate their role in ensuring food safety. Among commerce items, food is
something all people need to survive. Moreover, most consumers buy their food with the
complete trust that it will be safe to eat. This gives the food industry an ethical
responsibility to keep up with this trust. Another important reason for paying close
attention to food safety is that foodborne illnesses can cause tremendous economic
problems for the companies and the individuals involved. Estimates show that over 12
million cases of foodborne disease cost $8.4 billion every year in United States (Wiley
1994), averaging $670 per each estimated case. In spite of being reasonably high, these
figures do not even include costs to the food companies resulting from litigation, recall
procedures and lost sales due to adverse publicity. The exact cost to food companies
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involved in such outbreaks is unknown but can easily run into millions of dollars per
company (Wiley 1994).

Salmonella is a type of bacteria found on many raw foods that is easily killed by
heating or removed by washing. Salmonella is unavoidably present in the environment.
It is primarily spread through the feces of wildlife and domestic animals which may enter
an orchard, but is also spread by contaminated water, poor fertilization methods and other
poor agricultural practices. Although tree nuts are often subject to microbial
contamination, they are seldom vehicles in food poisoning outbreaks. Rarely may they
contain Salmonella. Usual thermal treatments that have been applied to in-shell pecans
and pecan halves heavily contaminated with Salmonella senftenberg, Salmonella anatum
and Salmonella typhimurium did not destroy Salmonellae consistently (King and Jones
2001).
The almond industry witnessed two food safety incidents in the last five years in
which raw almonds were recalled due to the presence of Salmonella (Goodridge and
others 2006; Entis 2007). While contamination in almonds is not common, the industry
determined that aggressive measures were necessary to prevent any other occurrences.
Research was needed to develop more effective, practical technologies for reducing
potential contaminants in almonds. It was also important for the entire industry to adopt
these food safety measures so as to provide the safest and best quality product possible
for consumers. To accomplish this goal, a rule for the mandatory pasteurization of
California almonds has been published in the Federal Register as of March 30, 2007. It
recommends that handlers must subject their almonds to a process that achieves a
2

minimum four-log reduction in Salmonella bacteria prior to shipment (Federal Register
2007).
As incidents of foodborne outbreaks occurred in almonds, regulations have been
made for treatments of almonds in order to reduce microbial load and especially to make
almonds safe from pathogenic threat. Many other nuts such as pecans are harvested
similar to almond harvesting.
Pecan (Carya illinoinensis) is the “Queen of Edible Nuts” flavorwise and
texturewise as established by the salters, bakers, confectioners and ice- cream
manufacturers in the United States and Europe (Santerre 1994). Pecan has become one of
the most important tree-nut crops grown commercially in the Southeastern United States
including Mississippi. Pecan production in the U.S. has increased steadily since the
1920‟s. National production estimates of pecan in the year 2007 are around 144 million
kg (Pena 2007). The United States is the largest producer of pecans with approximately
80% of the world production (Pena 1995).
An appropriate treatment for the inhibition of pathogens on the pecan and other
nuts should be developed. Numerous technologies have already been identified for
almonds resulting in microbial inactivation including fumigation with propylene
oxide (PO) and blanching (Zekert and DeArment 1984; Blanchard and Hanlin 1973).
Heavy metal ions of mercury, silver and copper are toxic to microorganisms since
they bind to sulfhydryl groups of proteins and denature them. Copper sulfate has been
useful as an algaecide to control the growth of obnoxious and odorous algal blooms in
lakes and reservoirs (Lim 2002) and fungicide for agricultural applications. The
3

“Bordeaux mixture”, a mixture of copper sulfate and calcium hydroxide is used as a crop
spray especially in grape vines. Copper is effectively used as a water disinfectant at
concentrations less than 3ppm (McDonnell 2007). Many other copper compounds are
used as bactericides. Copper hydroxide, copper oxychloride, copper oxychloride sulfate
and copper sulfate tribasic prevent bacterial diseases on nuts, fruit trees and vegetables
(Vidhyasekaran 2004). Although copper compounds have been used as antimicrobials,
there is hardly any literature discussing its antimicrobial effects on fresh produce after
harvesting.
Steam pasteurization has been mainly employed by the meat and poultry industry
to destroy pathogens on carcass surfaces. Noticeable destruction of Listeria spp (Farber
and Peterkin 1999; Murphy and others 2003) and Escherichia coli O157:H7 (Minihan
and others 2003) on meat surfaces has been achieved using steam pasteurization. Herbs
and spices are also steam pasteurized commercially (Ventilex, Heerde, Netherland;
Naturalclean, Exim International, Cape Town, South Africa) but it has been hardly used
for the pasteurization of nuts with the exception of almonds (Long and Wilkey 2004).
Dielectric (microwave) heating is one of the techniques used for the destruction of
bacteria on food products. It has been proven effective against numerous pathogens such
as Salmonella senftenberg (Bookwalter and others 1982; Teotia and Miller 1975), E. coli
O157:H7, Bacillus subtilis (Goldblith and Wang 1967) and Listeria monocytogenes
(Lund and others 1989) on various food products; but it has been hardly studied for its
antimicrobial effect on nuts. There is no information available about the effects of
dielectric heating against Salmonella on any food product. However, dielectric heating of
4

four seconds has shown to have no adverse effect on the sensory quality of pecan nuts
(Nelson and others 1985). Research thus far on pecans focus mainly on the edible
portion, i.e. pecan meat or kernel. From the Salmonella outbreaks involving almonds, it
has been shown that the sources of contamination are traced back to the orchards and the
soil on which nut trees are grown and of course the nuts harvested upon (Entis 2007).
Thus, the shell of the pecan is the first thing becoming contaminated in the whole pecan
processing, which may carry these microorganisms towards the final product through
various steps in pecan processing. Hence, if a proper treatment is applied to inshell
pecans, the whole trail of further cross-contamination can possibly be prevented. So, the
inshell pecan treatment should be considered a critical control point (CCP) in pecan
processing. Thus, the current investigation is focused on antimicrobial treatments for
inshell pecans. The objectives of this study were as follows:
1. Investigate the effects of a copper sulfate (CSL) solution and water at three
different temperatures on the microbial load (APC) and Salmonella of inshell
pecans.
2. Investigate the effects of steam pasteurization and dielectric heating on APC and
Salmonella of inshell pecans.
3. Investigate the effects of Salmonella destruction treatments on quality of shell and
nutmeat of pecans.
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CHAPTER II
LITERATURE REVIEW
Pecans
Most edible tree nuts are one-state crops. Almonds, pistachios and walnuts are
produced in California; filberts in Oregon and macadamia in Hawaii. The Pecan (Carya
illinoinensis) on the other hand, is a multi-state crop, native to south-central North
America, in the United States from southern Iowa, Illinois and Indiana east to western
Kentucky and western Tennessee, south through Oklahoma, Arkansas, to Arizona,
Mississippi, and Louisiana; and in Mexico from Coahuila south to Oaxaca (GRIN 2007).
Pecans served as a staple food in the diet of Native Americans in the south central
United States especially in the Mississippi Valley before the Europeans arrived.
Europeans were totally unaware of pecan nuts before the sixteenth century. Native
Americans traded pecans to the European settlers for trinkets, tobacco and furs.
Texas is the largest producer of pecan trees, pecan being the official state tree of
Texas. Pecan orchards were developed in the early 1880‟s in Texas from seedling trees.
In the late 1880‟s, pecan cultivars were developed by grafting or budding using superior
parent trees by asexual propagation. In the first quarter of the twentieth century,
thousands of acres of land were planted with pecans so as to earn „quick money‟.
Production went down in the Great Depression and revitalized again in the 1960‟s.

6

Average pecan production in the United States is now over 100 million kg (Rosengarten
2004).
The pecan grows into a large deciduous tree. It may grow to over 30 m high under
favorable conditions with a trunk diameter of 2 m and a limb spread of about 30 m.
Though pecan needs a frost free season of 140-210 days, a cold period is necessary for a
good nut production (Rosengarten 2004).
There are over 1000 pecan cultivars documented in the literature but only four of
them constitute over 50% of the orchard cultivation in United States. „Stuart‟ is the
leading cultivar in the southeast accounting for 22-26% of the production. It became the
leading cultivar by having good nut size, high yield and good cold-hardiness. The nuts
have good shelling characteristics. The „Desirable‟ cultivar is moderately scab resistant
and accounts for 9-11% of the U.S. production. It is popular in the eastern United States.
It is more precocious than „Stuart‟ and has larger nuts (Rieger 2006).
Pecan Harvesting and Processing
Pecans are harvested when the nuts drop on the ground leaving the husks behind.
The nuts are brushed down from the branches of the trees to the ground with the help of
poles. Mechanical shakers are used in large orchids having small-sized trees for that
purpose. However that doesn‟t work on large native trees. Nuts are then picked up from
the ground by hands or by using a vacuum.
After harvesting, pecans are dried for a few weeks naturally or artificially in a
mechanical drying system (APGA 2008). This is called „curing‟. Nuts are then cleaned,
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graded and packaged. Pecan processing equipment can size, crack and separate shells and
meats (Ensminger and Ensminger 1994). Figure 1 outlines the steps in pecan processing.

Cleaning
↓
Size Grading → Inshell Storing
↓
Conditioning
↓
Cracking
↓
Shelling
↓
Size Screening
↓
Drying
↓
Inspecting
↓
Color Grading
↓
Storage
↓
Packaging

Figure 1. Flowchart outlining the steps involved in pecan processing.
(Source: APGA 2008)
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Composition of Pecan
The pecan nut consists of three main parts: 1) The kernel, 2) the shell and 3) the
red-brown packing tissue found within the shell and between the kernels (Figure 2).
Pecans have very high oil content. Any nut with very high oil content is also rich in
flavor and tender in texture. Pecans contain around 71.2% oil. Some varieties of pecan
contain as high as 76% oil. The oil in pecans is highly unsaturated, which means pecan is
highly nutritious but it is highly vulnerable to oxidative rancidity. Therefore, pecans used
in bakery, confectionery, cereals and snacks are subjected to rancidity and staleness as
most other nuts because these products are stored at room temperature. This is the reason
why pecans are considered to be semi-perishable and are not used in some products due
their short shelf life (Santerre 1994). However, pecan kernels as well as shells have high
antioxidant capacity (Villarreal-Lozoya and others 2007). Pecans also contain 14.6%
carbohydrates, 9.2% proteins, around 1.6% minerals and 3.4% moisture (Deshpande and
others 1995).

Figure 2. Longitudinal section of pecan nut perpendicular to the plane of middle
septum.
s: shell, p: packing tissue, n: nutmeat, m: middle septum and w: most likely
ports of entry of water (Modified from Beuchat and Heaton 1975).
9

Microbiology of Nuts and Pecans
There has been a good amount of literature available on the microbiology and
microflora of nut meats but not on nut shells. Processing of various nut meats is usually a
dry procedure. Thus bacteria and yeasts is not a problem in general but molds may grow
on damp nut meats (Jay and others 2005). Molds usually grow at lower water activity.
The source of microbial contamination on nuts could be the dust deposited on them
during growing and harvesting. This happens when nuts after harvesting come in contact
with ground and broken shell pieces (Ray 2003). During the cracking of various nuts
including pecans, the shells are softened by humidifying to avoid breakage of nut meats.
Pecan and pistachio nut meats are separated from their shells pieces by the process of
floatation. Other nuts are treated differently such as salt water dip or spray, blanching,
etc. These different types of water treatments are potential sources of microbial
contamination. Nuts are often refrigerated or frozen to prolong their shelf life. Another
source of contamination is thought to be the condensate formed when nut meats are taken
out from refrigeration. This condensate may increase the water activity of nuts to favor
mold growth (Marshal 2001; King and Jones 2001).
Different genera of bacteria have been isolated from almonds and pecans are as
follows: Enterobacter, Escherichia, Bacillus, Xanthomonas, Clostridium, Pseudomonas,
Leuconostoc, Streptococcus, Micrococcus and some members of the coryneform group
(Brevibacterium and Corynebacterium). Molds such as Penicillium, Aspergillus and
Fusarium are common contaminants of nuts. At sufficient water activity (>0.7), molds
germinate, grow and may form mycotoxins such as aflatoxin. The possibility of being
10

infected with aflatoxin producing A. flavus is found to be highest in peanuts than other
nuts (Wareing and others 2000; King and Jones 2001; Weidenborner 2001). In a study,
out of 120 isolates of A. flavus group from pecans used in bakery products, 85 isolates
were shown to produce aflatoxin (Lillard and others 1970).
The first botulism outbreak in Taiwan was attributed to peanuts (Chou and others
1988). The largest outbreak of botulism in the UK in the 20th century was associated with
hazelnut yogurt. Since, yogurt is a low pH product, the source of the toxin was the
hazelnut puree used in it, which was found to be inadequately processed (Wareing and
others 2000). Nut puree thus requires more stringent processing and control due to its
higher pH (Adams and Moss 2000). Other bacterial pathogens isolated from nuts are
infective. Amongst those is Salmonella. Salmonellae are generally responsible for food
poisoning where poison produced inside the host‟s body is called endotoxin (Forsythe
and Hayes 1999).
Salmonella
Salmonellae are Gram negative, non-spore forming rods having a size of 1-2 µm.
Usually they are motile with peritrichous flagella. The genus Salmonella contains over
2600 different strains (Cooke and others 2007). They are facultative anaerobes with an
optimum growth temperature of 38˚C. They are heat sensitive and are destroyed at 60˚C
for 15-20 minutes and they do not grow below 7-8˚C (FAO 2002; Forsythe and Hayes
1999). Salmonella can form cellulosic structures called biofilms, which are bacterial
colonies linked to each other and /or to surfaces or interfaces (Romling and others 2007;
Fonseca 2006).
11

The disease salmonellosis is the collective term used for animal and human
infections caused by the members of the Salmonella genus. The disease is caused by
Salmonella when they multiply in the host‟s gut and their lysis produces an endotoxin,
which happens to be a lipopolysaccharide. This toxin is responsible for the symptoms of
the disease. The main symptoms of salmonellosis are nausea, abdominal pain,
drowsiness, diarrhea, dehydration and moderate fever. The incubation period of
Salmonella in humans ranges from 12-36 hours (FAO 2002). The microbe can invade the
blood stream of the host to cause septicemia and the patient may go into coma in some
extreme cases. The mortality rate because of this is well below 1% (Forsythe and Hayes
1999).
Poultry and egg products have been reported to be the most frequent food sources
associated with the food poisoning cases related to Salmonella based on the various
outbreaks, which have occurred (McGee 2004; FAO 2002). Beef cattle, pigs and lamb are
also mentioned to be important sources. A few cases of salmonellosis involving milk
have also been reported (Forsythe and Hayes 1999). Very recently, on June 1, 2008, a
foodborne outbreak of Salmonella serotype saintpaul associated with Roma variety of
tomatoes was announced by the Food and Drug Administration. As of July 7, 2008, it had
affected 947 people in 23 states in the United States (FDA 2008). Salmonella outbreaks
associated with nut products are very rare. However, an outbreak in Canada linked to
almonds grabbed attention towards the safety of almonds and other nuts.
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Salmonella and Pecans
An outbreak of Salmonella enteriditis in the United States and Canada during a
six-month period in 2001 was linked to raw almonds (Goodridge and others 2006). The
number of illnesses (cases) during this outbreak was 168. All the almonds involved in the
outbreak were traced back to a single processor in California. Investigators found S.
enterica serotype Enteritidis PT 30 in 25% of the samples. The same serotype was
isolated from the victims of the outbreak. They further traced this back to 22 orchards
owned by four growers. Ten soil samples out of 22 orchards were found to be containing
PT 30. Investigators, however, never could find the single common source of
contamination (Entis 2007).
Three years later in 2004, around six million kg of whole raw almonds were
recalled by a farm. The almonds happened to be linked to several cases of Salmonella
gastroenteritis (Entis 2007). In the same year, a Salmonella Enteriditis outbreak in
Oregon was found to be associated with raw almonds (CDC 2004). The suspected source
of 15 cases of Salmonella Enteritidis in Sweden during 2005-2006 was almonds (Ledet
Muler and others 2007).
After these outbreaks, the Almond Board of California (ABC) took initiatives by
funding research to study the sources, survival conditions of Salmonella and methods to
inhibit this and other pathogens (Entis 2007). The government in cooperation with the
ABC developed regulations in 2007 to mandatorily pasteurize almonds so that it results
in at least four log reduction of Salmonella (Federal Register 2007).
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As the incidences of foodborne outbreaks happened with almonds, much attention
has been paid towards the safer post-harvest handling and pre-treatments of almonds.
Regulations have been made to ensure this purpose. Most of the other nuts have more or
less similar post-harvest handling and processing conditions. Thus, what happened in the
case of almonds during the last five years could happen with any other nut. After the first
Salmonella outbreak involving almonds occurred in 2001, attention was given in terms of
research to study the causes and cures of such pathogenic outbreaks on almonds.
However, the efforts were not sufficiently in time to come up with the solutions to avoid
the second outbreak in 2004. Fortunately, we have not encountered any outbreaks
involving any other nuts so far, but efforts need to be made in a proactive manner to
study the possibilities of such outbreaks and effective solutions to those.
As mentioned before, there has never been a foodborne (bacterial) outbreak
involving pecans. There has been some pioneering work done by Beuchat and others in
the 1970‟s regarding pathogenic survival on pecans (Beuchat 1973; Beuchat and Heaton
1975). The survival of Escherichia coli K-12 on pecans at different storage conditions
was studied. Pecans with different moisture contents were inoculated with E. coli and
stored at different temperatures (ranging from -7 to 30˚C), and survival reported after 1 to
24 weeks. Among three different moisture levels of nutmeats used in that study, 3.47%,
4.54% and 6.18%, E. coli survived in greater numbers and for longer times at the lowest
moisture content (3.47%). The highest moisture level was proven to be most lethal for E.
coli. Storage at lower temperatures (lower than ambient temperature) (-7, 0 and 14˚C)
had a protective effect on E. coli over storage at higher temperatures 21 and 30˚C
14

(Beuchat 1973). Good processing practices for pecans generally require their drying to
3.5-4.5% moisture level and their storage at refrigerated or freezing temperatures.
Unfortunately, such conditions of moisture content and storage temperature, which are
considered to be the optimum to preserve the organoleptic quality of pecans, also favor
the survival of E. coli. In the same study, E. coli survival on shell, inner tissue and
nutmeat portion of pecans was examined. It was observed that E. coli numbers remained
higher on shells than inner tissue and nutmeat but reduced notably on inner tissues over
the period of storage. The reason suggested for this difference is that the moisture is
unequally distributed throughout the nut, highest in the inner tissues (~16.8%) followed
by shells (~11.2%) and nutmeats (3.6%). Thus the higher moisture content may result in
rapid decline of E. coli (Beuchat 1973).
A similar study on the survival of Salmonella was conducted on pecans at
different processing and storage conditions. Three strains of Salmonella: S. senftenberg
775W, S. anatum and S. typhimurium (S. ser. Typhimurium) were sprayed on inshell
pecans and halves. The inoculated pecans were stored at different temperatures ranging
from -18 to 21˚C for 2 to 32 weeks. Four different tests were carried out at four different
steps, which are generally carried out in pecan processing. Similar to E. coli, the
reduction in number of all the three strains of Salmonella was more rapid at higher
temperatures. Though initial counts were different for different strains, the trend was
similar throughout the study. Salmonella senftenberg and S. anatum were detected after
16 weeks at 21˚C. Though a significant reduction in S. typhimurium was achieved, it was
detected after 32 weeks at 21˚C. Interestingly, when nuts were heated in tap water for up
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to six minutes, the low numbers of microflora naturally present on the pecan nuts did not
proliferate during the overnight holding. When pecans were heated at different
temperatures (60, 71, 82 and 93˚C), the temperatures of nutmeat, middle septum and
packing tissue were monitored. There was very little difference found in temperatures at
these different points but these temperatures were always less than the actual temperature
of water used for the dip treatments. Thus, it was difficult to inhibit the portion of
Salmonella imbibed into the nut (Beuchat and Heaton 1975).

Antimicrobial Treatments of Nuts and Pecans
As we discussed earlier, after the foodborne outbreaks of Salmonella involving
almonds, regulations were implemented to pasteurize raw almonds to ensure their safety.
The law demands the processor to subject almonds to a process, which results in a four
log reduction of Salmonella (Federal Register 2007). Some of the antimicrobial
treatments used for nuts, which are mentioned in the literature are as follows.
Propylene Oxide
Traditionally, ethylene oxide had been used to disinfect nuts, which is no longer
permitted by the FDA because the treated product contained toxic ethylene chlorhydrins
(Blanchard and Hanlin 1973). Thus, its alternative propylene oxide (PO) attracted
attention gradually because its residual product propylene glycol is considered safe for
food products. In a study, PO reduced surface microflora by 80-92%, internal flora by
64% and coliform bacteria by 96% on pecan halves. However, even at doses four times
the maximum allowable amount, PO could not destroy all the microorganisms. Propylene
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oxide treatment controlled A. flavus more than other surface fungi (Blanchard and Hanlin
1973). It is permitted to be used on nut meats (Furia 1973) but not on peanuts. The USA
restricts residual content of PO in processed nut meats to 300 ppm but a new lower limit
of 150 ppm is pending (King and Jones 2001). The 150 ppm limit is already in existence
for whole almonds, Brazil nuts, filberts, pistachios, walnuts and pecans. Other countries
such as EU have zero tolerance for PO residues. The guidelines to avoid high residues
states that the PO should be applied only once, for not more than four hours and at a
temperature no higher than 52˚C (King and Jones 2001). The disadvantage of working
with PO is that it is a very flammable liquid and is very dangerous when exposed to heat
or flame. Its flash point is -37˚C and lower and upper flammable limits are 2.8% and 37%
respectively. It reacts vigorously with oxidizing materials and polymerizes in contact
with an active catalyst with the evolution of extensive heat resulting in explosion.
Propylene oxide is considered as an irritant and a mild depressant for the central nervous
system. Even diluted PO can cause irritation and necrosis of the skin. Excessive exposure
to the vapors irritates eyes, upper respiratory tract and lungs (Cumo and others 1989).
Irradiation
After methyl bromide was phased out for its use for fumigation, other techniques
such as irradiation were considered to control insect pests. In Israel and South Africa,
irradiation with doses up to 1 kGy is recommended for insect disinfection on nuts.
However, to control bacteria and molds, higher doses of irradiation are required. Changa
and others (1988) irradiated frozen pecans with the doses of 0.1 to 1 kGy and stored them
at 26˚C for four months. The irradiation treatment was effective in inhibiting Aspergillus
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spp. but was ineffective in extending the shelf life of pecans by reducing the oxidative
damages. Nuts contain high amounts of oil. Irradiation accelerates lipid oxidation, which
is associated with the risk of off-flavor development. Thus, combination of heat and low
doses has been suggested to be effective against fungal infection on molds (Wilkinson
and Gould 1996). In a study by Kwakwa and Prakash (2006), almonds treated with 1kGy
irradiation were ranked similar or higher on sensory evaluation than the control. When
walnuts were treated with high doses of irradiation (5, 10, 15 and 20 kGy), the peroxide
values were high but no rancidity or other off-flavors was observed. Irradiation may
induce protein or lipid „radiolysis‟, where parent lipid or protein compounds are broken
down to smaller compounds responsible for strong off-flavor, different from the usual
rancid flavor. However, irradiation is more effective in reducing microbial.

Copper and Copper Compounds
Ancient Greeks, Celts, Hindus, Japanese and Africans have been using copper to
treat sores and skin diseases. It is used in paints for surface disinfection. In agriculture, it
is used as an algaecide and fungicide. It has been shown to inactivate varieties of viruses
such as bacteriophages, bronchitis virus, polivirus and HIV-1 (Borkow and Gabbay
2004).
Several bactericidal modes of action of copper include alteration of proteins and
inhibiting their biological activities and native structures, inactivation of enzymes,
denaturation of nucleic acid by binding to and/or disordering helical pattern and/or by
cross-linking

within

nucleic

acid,

blocking
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proteins,

permeabilization of plasma membrane and peroxidation of membrane lipids to produce
hydroperoxide free radicals (Faundez and others 2004; Borkow and Gabbay 2004).
Metallic copper has been shown to prevent biofilm formation (Kielemoes and
Verstraet 2001) and inhibit Salmonella enterica and Campylobacter jejuni (Faundez and
others 2004). In one of the studies, the effect of copper ions on the survival of Salmonella
typhimurium DT104:30 in a food acidified with lactic acid was investigated. The death
rate of Salmonella increased with increased copper concentration. The food acidified with
150 mmol L-1 lactic acid containing 50 ppm copper increased death rate 10 fold (Beal and
others 2004). Copper and its alloys like brass have been shown to act as antimicrobials on
other pathogens such as E. coli (Noyce and others 2006) and L. monocytogenes
(Abushelaibi 2005).
Compounds of copper such as copper sulfate have been useful as an algaecide at a
concentration of 1 ppm to control the growth of obnoxious and odorous algal blooms in
lakes and reservoirs (Lim 2002) and as fungicides for agricultural applications. The
Bordeaux mixture, a mixture of copper sulfate and calcium hydroxide is used as a
fungicidal crop spray especially in grape vines. Copper is effectively used as a water
disinfectant at concentrations lower than 3ppm (McDonnell 2007).
The use of copper sulfate as an antimicrobial for fresh produce and nuts is rarely
found in literature. An antimicrobial produced by Tasker® Products (Fairlawn, NJ) called
„Pacific Blue‟ contains copper sulfate, sulfuric acid and ammonium sulfate manufactured
using a patented mixing system that produces a copper sulfate complex that is highly
protonated and stable under low pH. The lag phase of microorganisms on catfish fillet
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was extended and/or shifted when dipped in Tasker® solution so that their shelf life was
doubled. A 10 s dip in Tasker® significantly extended the shelf life of salmon fillets by at
least two days. It reduced the E. coli on shrimp and scallops, and extended their shelf life.
It is found to be effective against Salmonella on poultry scalder. The foul odor of catfish
fillets stored on ice made with Tasker® solution was well controlled after 14 days of
storage (Silva and others 2008).

Steam Pasteurization
Steam pasteurization is widely used for treating surface tissues in the meat
industry. It is being considered an important treatment to reduce pathogens on meat
surface. Steam pasteurization is the exposure of the food product to saturated or
superheated steam for a certain amount of time to instantaneously increase its surface
temperature to around 88˚C (Castell-Perez and Moreira 2004). There are some
advantages of steam pasteurization. It uniformly heats the entire surface of the food and
also covers irregularly shaped surfaces. There is no issue of residual water accumulation
in this case. Generally this process of steam pasteurization is automated thus there is no
improper use involved. Steam treatments of 32 and 40 s at 136 and 115˚C respectively,
led to 4 log reduction of Listeria innocua on the meat surface by only slightly affecting
its color and weight (Farber and Peterkin 1999). Listeria monocytogenes was reduced by
3 log on fully cooked frankfurters treated with steam for 1.5 s (Murphy and others 2006)
and by 7 log on fully cooked chicken leg quarters by 22 min of steam treatment (Murphy
and

others

2003).

Steam
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Enterobacteriaceae on beef carcases (Minihan and others 2003). The USDA has approved
steam pasteurization as an antimicrobial treatment for the beef carcasses (Vaclavik and
Christian 2003). Thus steam pasteurization has been successfully employed by the meat
and poultry processing industry to reduce the microbial load. Steam pasteurization has
also been employed commercially on herbs and spices (Ventilex, Heerde, Netherland;
Naturalclean, Exim International, Cape Town, South Africa).
After the Salmonella outbreaks on almonds occurred, steam pasteurization of
almonds was studied. An apparatus and a process of steam pasteurization have been
patented. The process includes counter-flowing of shelled almonds in saturated steam for
4 s, where surface temperature of almonds is raised to over 71˚C. Then almonds are again
counter-flowed through dry-air and discharged to further processing, if any, before
packing and shipping. The patent claims that there were no changes in sensory attributes
of almonds such as appearance, taste and texture observed (Long and Wilkey 2004).
A study was conducted to investigate the effect of steam on the reduction of
Salmonella enterica serovar Enteriditis on raw almond surface. Two varieties of almond,
„Nonpareil‟ and „Mission‟ were inoculated with Salmonella and treated for 5, 15, 25, 35,
45, 55 and 65 s of steam. After 65 s, there was 5.7 and 4 log reduction of Salmonella on
„Nonpareil‟ and „Mission‟ varieties respectively (Lee and others 2006).

Dielectric (Microwave) Treatment
Microwaves are defined as electromagnetic waves with wavelengths shorter than
one meter and longer than one millimeter, or frequencies between 300 MHz and 300
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GHz. The principle of microwave application is that when a microwave is applied to a
food product, polar molecules such as water and salts in that food orient themselves to the
field. When this oscillating field changes million times per second from positive to
negative, the dipoles of the polar molecules try to keep up with these rapid oscillations.
This creates frictional heat. When the water gets heated this way, it transfers heat to
surrounding molecules (which might not be polar in nature) by conduction and/or
convection (Fellows 2000). Thus food products with sufficient amount of liquid water are
heated well with microwaves. Microwaves are not very effective on dry and frozen foods
for heating purposes.
The heat generated through microwave heating destroys bacteria through the
extent depends on the amount of time and power at which microwave is applied to the
food product. Effect of microwave treatment on Salmonella senftenberg in enriched cornsoy-milk was investigated at different temperatures. Salmonella counts were reduced by 2
to 5 log at 56.7˚C and 82.2˚C, respectively. There was no significant difference observed
in rheology, moisture, vitamins A and B1, lysine and protein efficiency ratios
(Bookwalter and others 1982). Salmonella senftenberg on turkey drumsticks and broiler
chicken carcasses was destroyed by 775W of microwave treatment at 22˚C for 150 s and
ten minutes respectively (Teotia and Miller 1975). Escherichia coli and Bacillus subtilis
are reduced by around 6 log, by microwave treatment; but authors suggested that the
effect is not different than conventional thermal inactivation (Goldblith and Wang 1967).
Listeria monocytogenes in stuffed chicken was reduced by 6 log by microwave treatment
(Lund and others 1989).
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Thus, because of their ability to cause illnesses, foodborne pathogens such as
Listeria monocytogenes and Salmonella spp. have been the focus of most studies of
microwavable food safety (Heddleson and Doores 1994). In one of the studies, the effects
of dielectric treatment on pecan quality were investigated. The flavor of pecan was
unaffected by the treatment; rather this heating treatment had a stabilizing effect on the
pecan flavor. There was no change in color of pecan observed after dielectric treatment
(Nelson and others 1985).

Quality of Pecans as Affected by Treatments
Numerous shelf life extension studies have been performed on pecans, where
various methods have been used to extend the shelf life of pecans. In a study edible
coatings were used to extend the shelf life of pecans, where the sensory characteristics of
pecans such as appearance, shine, off-flavor, overall flavor and texture were evaluated to
examine any changes caused by the coatings. The sensory characteristics were either not
affected or improved by the coatings (Baldwin and Wood 2006). The instrumental color
values i.e. Hunter color values of pecan kernel have been analyzed to study the effects of
cultivars, processing and storage conditions. The results concluded that there was a
possibility of color differences among the nuts but the reason may not be necessarily the
effect of various processing treatments but differences could be inherent in the nuts
(Forbus and others 1983). The texture of pecans has been studied instrumentally by
performing puncture and shear tests along with the sensory characteristics such as color
and appearance to study the effects of early and traditionally harvested pecans, where
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differences were found in quality of both (Resurreccion and Heaton 1987). The raw and
roasted pecans were evaluated for their crunchiness, internal lightness, rancid aroma and
flavor subjectively. The objective tests used to evaluate rancidity are peroxide value and
thiobarbaturic acid reactive substances (TBARS). These were performed to validate the
data from the sensory evaluation where rancid scores did not differ between raw and
roasted pecans (Erickson and others 1994).
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CHAPTER III
MATERIALS AND METHODS
Pecans
Inshell pecans of „Desirable‟ variety were purchased from a local farm (Starkville,
MS) and stored at ambient temperature (~27˚C), in cardboard boxes at a dry place.
Pecans with cracked shells and other major defects were sorted out (USDA 1997).
Salmonella Inoculation on Pecans
A cocktail of three strains of Salmonella ser. Typhimurium was made for the
inoculation. The strains used were American Type Culture Collection (ATCC, Manassas,
VA) 14028, 19585 and 23564. All cultures were obtained from the Department of Food
Science Nutrition and Health Promotion at Mississippi State University. Strains were
obtained from trypticase soy agar slants (TSA Becton, Dickinson and Co., MD, USA).
The Salmonella strains were maintained at 27˚C by transferring to fresh TSA slants every
month. A loop of each strain was streaked on a TSA plate and incubated for 24 h at 35°C.
A colony of Salmonella Ser. Typhimurium from a TSA plate was transferred into 50 ml
of BBLTM Trypticase Soy Broth (Becton, Dickinson and Co., MD, USA) and incubated
for 24 h at 37°C with agitation in the Gyratory® Water Bath Shaker (New Brunswick
Scientific Inc., Edison, NJ). The initial concentration of Salmonella in each broth was
approximately 109 CFU/ ml. One half of the pecans were autoclaved (Sterilmatic, Market
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Forge Industries, Everett, MA) at 121˚C for 10 min prior to inoculation (autoclaved) and
other half were not autoclaved (non-autoclaved). Salmonella suspension was diluted 10
fold using 0.1% peptone solution (Difco Laboratories, Detroit, MI) to get 108 cells/mL
suspension and was sprayed on both autoclaved and non-autoclaved pecans. Great care
was taken with the spraying process and it was performed inside a laminar flow region
cabinet (PurifierTM Class 2 Safety Cabinet, Labconco® Corporation, Kansas City, MO) so
as to avoid cross contamination. The entire area used for this experiment was sanitized
with 70% ethanol to disinfect it prior to every test. The sprayed pecans were dried
naturally in ambient air under the laminar hood (not dried using air-blowing because of
the risk of Salmonella contaminating other areas) and packed in two different sterilized
bags (Nasco Whirl-Pak®, Fort Atkinson, WI). These bags were stored at an ambient
temperature under the laminar hood to imitate post-harvest conditions. The inoculated
pecans were further utilized for the Salmonella inhibition studies.
Antimicrobial Treatments
Salmonella inoculated and uninoculated inshell pecans were subjected to
antimicrobial treatments and then analyzed for the aerobic plate (uninoculated) counts
(APC) and Salmonella (inoculated) counts. This study was divided into three parts as per
the objectives. The first part was to study the effects of water (WTR) and copper sulfate
(CSL) solution at three different temperatures on APC and Salmonella counts of inshell
pecans. The second part was to study the effects of steam pasteurization and dielectric
heating on APC and Salmonella counts of inshell pecans. Finally, the third part was to
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investigate the effects of WTR and CSL solution, steam pasteurization and dielectric
heating on the quality of inshell and nutmeat portion of the pecans.
Copper Sulfate Containing Antimicrobial Treatment
A copper sulfate containing solution was prepared by adding 0.198 mL of Tasker
Blue® (Tasker® Products, Fairlawn, NJ) concentrate per liter of sterilized (non-deionized)
water to achieve copper concentration of 10 ppm and the pH was adjusted to 2.2 using
Tasker Clear® (Tasker® Products, Fairlawn, NJ). The calculations to make the solution
were based on the directions given by the Tasker® Products. Tasker® solution (CSL)
contains copper sulfate, ammonium sulfate and sulfuric acid.
The Salmonella inoculated and uninoculated pecans were dipped in sterilized
water (WTR) and Copper Sulfate (CSL) solutions prepared as described above. The
pecans were dipped for 0, 20, 40, 60, and 300 s in WTR and for 0, 20, 40, 60, 120, 180,
240, 300, 360, 420 and 480 s in CSL at ambient temperature (27˚C) (Figure 3). During
the treatment, proper care was taken to ensure complete immersion of pecans in the
treatment media (WTR or CSL) in the ratio of 1:20 (w/v) for the designated exposure
time to have complete exposure of the pecan shell surface to the treatment media. The
pecans were taken out of the solution with the help of a sterilized scoop after the
designated exposure times. The same treatment times were repeated for uninoculated
pecans in WTR and CSL solution at 57˚C and 88˚C in a constant temperature bath
(Isotemp 202, Fisher Scientific, Pittsburgh, PA).
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Figure 3. Experimental design for the WTR and CSL solution treatments at different
temperatures and exposure times on inshell pecans
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Steam Pasteurization
The Salmonella inoculated and uninoculated pecans were steam pasteurized in an
autoclave (Sterilmatic, Market Forge Industries, Everett, MA) at atmospheric pressure.
The pecans were well positioned within the autoclave so as to achieve complete exposure
to the steam. The temperature of the pecan surface (treatment temperature) reached 88˚C.
The autoclave was closed (not hermetically) so as to maintain the near saturated steam
temperature (88˚C). The uninoculated pecans were steam treated for 0, 30, 60, 120 and
180 s and inoculated pecans were treated for 0, 10, 20 and 30 s (Figure 4). The treated
pecans then were cooled down to ambient temperature after a few seconds.
Dielectric Heating Treatment
The Salmonella inoculated and uninoculated pecans were sprayed with sterilized
(non-deionized) water in sufficient amount (~0.4mL/g of nut or ~1mL/nut) to completely
wet those pecans before the dielectric (microwave) treatment. The reason for spraying
water was to provide a medium for the microwave to generate heat in the food product.
The pecans were then microwaved for 0, 30, 40, 50 and 60 s each on both top and bottom
sides by inverting the nuts aseptically (Figure 5). The microwave (Emerson Radio Corp.,
North Bergen, NJ) worked at 120V AC, 60 Hz, 1150W, and a frequency of 2450MHz.
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Figure 4. Experimental design for steam pasteurization of inshell pecans
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Figure 5. Experimental design for dielectric heating of inshell pecans
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Reduction of Microbial Load
Twenty five grams (three nuts) of treated uninoculated pecans were aseptically
placed in a stomacher bag (Nasco Whirl-Pak®, Fort Atkinson, WI) and 225 mL of 0.1%
sterilized peptone solution was added to make the 10 fold dilution. The pecans were
rigorously massaged manually for two minutes. During massaging, microorganisms are
dislodged into the diluents for further microbiological manipulation (Fung 2000). This
suspension was taken in a test tube and was vortexed for 10 s (Fisher-Genie 2, Fisher
Scientific, Pittsburgh, PA). Suitable decimal dilutions were prepared in 0.1% sterilized
peptone solutions. Enumeration of aerobic plate count (APC) was done by the spread
plate method using 0.1 mL of appropriate dilution (APHA 1992). Plate count agar
(DifcoTM PCA, Becton, Dickinson and Co., Sparks, MD) was used as the growth medium.
Plates were incubated in a Precision Scientific Incubator (Chicago, IL) at 37˚C for 24 h.
Results were reported as CFU/g.
Salmonella Inhibition
Twenty five grams of treated inoculated pecans (autoclaved and non-autoclaved)
were aseptically placed in a stomacher bag and 225 mL of 0.1% sterilized peptone
solution was added to make the 10 fold dilution. The pecans were rigorously massaged
manually for two minutes, from outside the bag. This suspension was poured in a test
tube and was vortexed for 10 s. Suitable decimal dilutions were prepared in 0.1%
sterilized peptone solutions. Enumeration of Salmonella was done by the spread plate
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method using 0.1 mL of appropriate dilution (APHA 1992). Plate count agar (PCA) was
used as the growth medium for Salmonella from the diluents from the autoclaved
inoculated pecans because there were no other microorganisms present on the autoclaved
pecans. This was confirmed by analyzing autoclaved pecans for APC by the procedure
described above. Brilliant green agar (DifcoTM BGA, Becton, Dickinson and Co., Sparks,
MD) was the growth medium for Salmonella from diluents from non-autoclaved
inoculated pecans because various other types of microorganisms could be present on
those pecans along with Salmonella inoculated on it. Plates were incubated in a Precision
Scientific Incubator at 37˚C for 24 h. Results were reported as CFU/g.
Effects of Antimicrobial Treatments on the Quality of Pecans
The quality of treated pecans was studied by examining the changes in
instrumental color and sensory characteristics as affected by three different treatments.
Uninoculated (or not inoculated by Salmonella) pecans were used in this part of the
study.
Instrumental Color
A Labscan Model 6000 0/˚45 Spectrocolorimeter (Hunter Associates Laboratory,
Fairwax, VA) equipped with a personal computer was used along with the HunterLab
Universal software ver. 1.4 (Hunter Associates Laboratory, Reston, VA) to evaluate
Hunter color of the inshell pecans. The instrument was calibrated before measuring the
color with two standard tiles, a black and a white. The pecan nuts were placed on a 10
mm diameter port. Triplicate readings were obtained from each replication and the
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average „L‟ (brightness), „a‟ (+: redness, - : greenness) and „b‟ (+: yellowness, - :
blueness) values were recorded for each sample. The hue, chroma and browning index
were calculated using „L‟, „a‟ and „b‟ values (Silva and others 2005). These values were
compared to the control i.e. color of the untreated pecans to look for the changes if any
caused by the copper sulfate containing antimicrobial, steam and microwave treatments.
Treatment Effect Determination
The treatment effect (quality) evaluation of treated inshell pecans as well as the
nutmeat portion after shelling was performed by five semi-trained panelists (two females
and three males). The inshell pecans were evaluated for their appearance. The quality
attributes chosen for the evaluation of nutmeats were appearance (color), texture and
flavor based on the available literature (Heaton and others 1975; Baldwin and Wood
2006). The panelists were trained for 8 h to evaluate texture and flavor of the nutmeats.
Guidelines (USDA 1997) (Figure 19) were given to the panelists to evaluate treatment
effects on the appearance of the inshell pecans and color of the nutmeats. The appearance
of the inshell pecans was evaluated in one session. The evaluation of color, texture and
flavor of the nutmeat portion of the pecans was conducted in four different sessions; two
sessions per day. Thus, the entire treatment effect determination experiment was
conducted in three days. Unsalted crackers and filtered water were provided to the
panelists to rinse their pallets during the evaluation. The samples including some internal
control samples (unknown to the panelists) were assigned three digit random numbers.
The pecans were rated on a 5-point quality scale from 1 (very unacceptable) to 5 (very
acceptable) (Meilgaard and others 1991). After they evaluated three digit numbered
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samples, they were asked to evaluate the external control (known to the panelists) to
determine whether they rated them differently from the internal controls and other treated
samples.
Statistical Design and Analysis
For the WTR and CSL treatments, the data obtained from plating, from three
replicates of the experiment was converted to log CFU/g before being analyzed
statistically. The significant differences between the log CFU/g of different treatment
times for a single treatment were determined using analysis of variance utilizing the
general linear model (GLM) procedure (SAS 9.1). The data was arranged in a Split plot
in time with three replications in CRD, with treatment and temperature as the main plots
and contact time as the subplot. Means were separated using Fisher‟s protected least
significant difference (LSD) (p≤0.05).
For the effects of steam pasteurization and dielectric heating on microbial load,
Salmonella destruction, color and treatment effect evaluation, data were arranged in a
completely randomized design (CRD) with three replications. Significant differences
between the log CFU/g of different treatment times for each treatment were determined
using analysis of variance using general linear model procedure. Means were separated
using Fisher‟s protected LSD (p≤0.05).
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CHAPTER IV
RESULTS AND DISCUSSION
Copper Sulfate Antimicrobial Treatments on Pecans
Reduction of Microbial Load
There was no three way interaction found (p>0.05) between treatment,
temperature and time on APC of inshell pecans. However, there was a significant
(p≤0.05) interaction between temperature and time (Figure 18). Overall, CSL solution
reduced microbial load on inshell pecan surface more (p≤0.05) than WTR. Temperatures
also showed significant effect (p≤0.05) on APC. There was no significant interaction
(p>0.05) on instrumental color and quality of inshell and shelled pecans. Data was
arranged in a CRD for each treatment combination.
Effect of Water (WTR) at Room Temperature
Aerobic plate counts increased (p≤0.05) with contact time in water at room
temperature (Figure 6). The APC increased (p≤0.05) from 20 s through 40 s up to 60 s.
The change in the APC after 60 s up to 300 s was insignificant (p>0.05). This indicates
that possibly when pecans came in contact with the water, the detachment of
microorganisms present in the form of clumps from the surface of inshell pecans was
facilitated by more contact time. The clump formation by the microorganisms is a natural
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phenomenon that allows protection from adverse conditions (Krumbein and others 2003).
The microorganisms attach to the surface of biomaterials (pecans, in this case) by van der
Waal‟s forces or hydrophobic interactions as many microbes and biomaterial surfaces are
hydrophobic in nature (Schinabeck and Ghannoum 2005; Karthikeyan and others 2000).
Detachment of microorganisms from the naturally existing clumps is necessary for the
accuracy of microbial assays. If microorganisms remain in clumps, it results in an
underestimate of the true number of microbes on the surface (Sabev and others 2006).
Thus water appeared to detach microbes from the surface of the pecans, increasing with
longer contact time. From the results, it could be said that this process of detachment of
microorganisms increased effectively up to 60 s.
Effect of Copper Sulfate (CSL) Solution at Room Temperature
Aerobic plate counts increased (p≤0.05) with contact time similar to WTR
treatment at room temperature but only up to 60 s (Figure 7). After 60 s, the microbial
load declined (p≤0.05) until 300 s. This clearly suggests that similar to the WTR
treatment, the rate of detachment of microorganisms from the surface of inshell pecan
increased up to the contact time up of 60 s. The antimicrobial effect of CSL solution was
apparent after 60 s. When microorganisms are detached from their clumps, these isolated
individual microbes are relatively easy to kill by an antimicrobial (Sabev and others
2006). Thus, microbial load decreased (p≤0.05) from 60 s until 300 s with a D value of
2.41 min. After 300 s, there was insignificant change in the log CFU/g until 480 s. Thus,
the microbial load of inshell pecans was reduced by 1.6 log CFU/g from around 4 log at
60 s to around 2.4 log at 300 s.
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Effect of WTR at 57˚C
Immersion of pecans in water at 57˚C showed antimicrobial effect after 20 s
(Figure 8). The APC at 20 s was higher (p≤0.05) than that of control but after 20 s, it was
reduced (p≤0.05) until 60 s, with a D vlaue calculated to be 4.03 min. After 60 s, the
reduction was not significant (p>0.05). In case of water treatment at room temperature,
the microbial load increased significantly until 60 s but in this case, at 57˚C, it increased
only up to 20 s. This suggests that this higher temperature showed antimicrobial effect
after first 20 s of contact time. Though this shows an overall microbial reduction of 1.3
log, in reality the reduction would be greater. As we have seen in water and CSL solution
treatments at room temperature, the microbial load increases up to 60 s, which suggests
that the microbial load actually present on the surface of the inshell pecans is more than
what was observed on the control or at 20 s experimentally. The D value obtained here is
less than the D value of Salmonella Senftenberg on chicken dark muscle meat at 57˚C
reported by Osaili (2003).
Effect of CSL Solution at 57˚C
Microbial load was not reduced (p>0.05) from 0 to 60 s (Figure 9). The APC was
not reduced (p>0.05) from 60 s to 300 s, but the microbial load at 300 s was lower
(p≤0.05) than the control, around 1 log reduction. This however, is the reduction showed
from control, which shows lower counts than the actual microbial load on inshell pecan
surface as we discussed earlier. Thus, the actual microbial reduction in this case would be
possibly higher than 1 log CFU/g. As we have seen in water and CSL treatments at room
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temperature, the microbial load on inshell pecans actually was over 4 log CFU/g. Thus,
actual microbial reduction could be possibly over 2 log CFU/g. The calculated D value
for this treatment was 1.12 min.
Effect of WTR at 88˚C
The water treatment at 88˚C reduced APC significantly (p≤0.05) until 60 s of
treatment (Figure 10). The microbial load was not reduced further (p>0.05). Thus
microbial load is reduced by around 1.3 log in the first 60 s with a D value of 0.79 min.
This reduction could be however, an underestimate of the true value. Thus, higher
temperature seemed to show higher microbial reduction. Reduction of around 4 log in
APC of chicken carcasses by immersion in hot water (95˚C) for 180 s (Avens and others
2002) and 1.2 log for lamb carcass for 8 s at 90˚C (James and others 2000) has been
observed. Thus, reduction in APC of pecans by hot water immersion at 88˚C was found
to be comparable to these values in the literature. However, this comparison is not
complete because these values are from food products, which are different from pecans in
terms of their surfaces, water activity, pH and thus types of microorganisms on their
surface, which differ in their resistance to different antimicrobial treatments.
Effect of CSL Solution at 88˚C
CSL solution at 88˚C completely destroyed microbial load on the inshell pecan
surface in 300 s with significant (p≤0.05) reduction in the first 20 s (Figure 11). Thus the
combination of CSL solution and temperature was found to be the most effective in
destruction of microorganisms on the surface of the inshell pecans. When we look at the
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water treatment at room temperature, it yielded over 4 log CFU/g microorganisms from
the surface of the inshell pecans in 60 s and CSL treatment at 88˚C almost sterilized the
surface of the pecan. Thus, in reality around 4 log microbial reduction could probably be
achieved. The D value was found to be 0.16 min for this treatment.
Salmonella Inhibition
Effect of Water at Room Temperature
Salmonella inoculated pecans dipped in water for 0, 20, 40, 60 and 300 s showed
significant differences (p≤0.05) in Salmonella count on BGA (for non-autoclaved
inoculated pecans) but there was no specific trend with time. For all the treatment times,
the counts ranged between 4.4 to 4.9 log CFU/g. The counts on PCA (for autoclaved
inoculated pecans) were not different (p>0.05) with time. Counts on PCA ranged from
4.4 to 4.6 log CFU/g (Figure 12). Thus, immersion of Salmonella inoculated pecans in
water at room temperature did not reduce Salmonella from the surface of the pecans.
Effect of CSL Solution at Room Temperature
CSL solution showed significant (p≤0.05) inhibition of Salmonella by around 2.1
log in the first 20 s on BGA (Brilliant Green Agar) (Figure 13). The next 20 s did not
show any significant difference (p>0.05) in Salmonella count. However, the next 20 s
again reduced Salmonella counts significantly (p≤0.05) to non-countable. Thus, 60 s of
CSL solution treatment completely destroyed Salmonella from 3.4 log CFU/g to zero as
shown by BGA. The PCA counts showed similar trends in Salmonella inhibition. There
was a significant (p≤0.05) reduction of 1.9 log in the first 20 s. Similar to BGA, there was
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no significant reduction (p>0.05) in the next 20 s. Again, in the next 20 s Salmonella was
reduced (p≤0.05) to 0.95 log CFU/g. The Salmonella count was not significantly changed
after 60 s. Thus, PCA showed around 3 log reduction of Salmonella by CSL solution at
room temperature. There were differences observed in Salmonella counts on PCA and
BGA. The explanation of such differences can be found in the literature. Brilliant green
agar (BGA) inhibits the growth of gram positive organisms and many gram negative
organisms, except Salmonella. However, recovery of Salmonella from the competitive
microorganisms on the non-sterilized inshell pecans is different from that on sterilized
pecans. Other microorganisms such as Gram positive bacteria may hinder the growth of
Salmonella (Pangloli and others 2003) in the case of non-sterile pecans, which were
analyzed later on BGA. Salmonella ser. Typhimurium has been found to be inhibited in
competition with other Gram negative bacteria more than Gram positive bacteria
(Komitopoulou and others 2004). The recovery of Salmonella on BGA or any other
selective medium depends on the pH adjustments and every selective media has different
ability to recover Salmonella (Pangloli and others 2003). There have been attempts to
improve the recovery of the selective media by adding ingredients such as malachite
green or non-fat dried milk (NFDM) to media like buffered peptone water. However, this
did not affect the recovery of Salmonella injured by heat, freezing, or low water activity
(Van Schothorst and Renaud 1985).
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Steam Pasteurization
Reduction of Microbial Load
The steam treatment was found to be very effective in reducing the microbial load
on the surface of inshell pecans. The microorganisms on the surface were reduced
significantly (p≤0.05) after the first 30 s of the steam treatment (Figure 14). The APC on
inshell pecans was reduced by 1.6 log CFU/g for the first 30 s, and a nearly total
reduction after 180 s. The calculated D value was 0.81 min. Thus, after an overall steam
treatment of 180 s, a significant reduction of around 3.7 log in the APC was achieved.
Steam is a type of the moist heat, which has typically been considered more effective
against bacteria, yeast, molds and protozoa than dry heat. The effectiveness of steam
against microorganisms can be attributed to the ability of the steam to penetrate the
microbial cells and to its latent heat content. As we already discussed, steam
pasteurization has not been employed for pecans, it has been much studied for the
treatment of meat and poultry. Steam pasteurization achieved 1.4 log (8 s) (Nutsch and
others 1997) to around 4 log (180 s) (Avens and others 2002) reduction in APC on the
beef carcasses. The reduction of 3.7 log in the APC on the pecan surface is more effective
than these effects of steam pasteurization discussed in the literature. However, the surface
pecan is very different from meat surfaces and other factors such as water activity, pH are
also different. Also, microflora of pecan is different than meat. Thus, it is difficult to
compare these results from those obtained from steam pasteurization of meat surface.

42

Salmonella Inhibition
The rate of destruction of Salmonella by steam was more effective than for APC
in uninoculated pecans. Salmonella was reduced to below detectable levels after 20 s
when using BGA media and 30 s when using PCA media (Figure 15). Thus, even though
results from BGA and PCA show some differences in the Salmonella counts, it can be
said that steam treatment of 20 to 30 s results in the complete inhibition of Salmonella on
inshell pecans. A 5.7 and 4 log reduction of Salmonella on two varieties of almonds,
„Nonpareil‟ and „Mission‟ after 65 s of steam pasteurization has been reported (Lee and
others 2006). Thus, reduction of 3.5 to 3.9 log CFU/g on pecan achieved in 30 s in this
study is more effective than what has been achieved in the case of almonds and is very
close to the regulatory (Federal Register 2007) target of 4 log Salmonella reduction.

Dielectric (Microwave) Heating of Pecans
Reduction of Microbial Load
Dielectric heating reduced APC of the inshell pecans (p≤0.05) in the first 30 s of
treatment by 2.3 log (Figure 16). However, the next 10 s of treatment showed an unusual
increase in the aerobic counts. This increase after 40 s was significant (p≤0.05) from the
counts after 30 s. The next 10 s showed a significant decrease (p≤0.05) in APC from that
after 40 s. The microbial count after 50 s was however, not different (p>0.05) from the
count after 30 s. The last 10 s treatment further reduced the microbial count significantly
(p≤0.05) by 0.6 log. Thus, 60 s of dielectric treatment reduced microbial load of inshell
pecans from 4.5 log CFU/g to 1.5 log CFU/g, resulting in 3 log microbial reduction with
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a calculated D value of 0.37 min, which was found to be higher than the D values for
Saccharomyces cerevisiae (0.02 min) and Lactobacillus plantarum (0.01 min) in apple
juice (Tajchakavit and others 1998), mostly due to the difference in moisture content of
these two products, which is an important factor for the effectiveness of the dielectric
heating process.
Salmonella Inhibition
The rate of destruction of Salmonella by dielectric heating was more effective
than for APC. Salmonella count on the BGA (for non-autoclaved inoculated pecans)
showed significant (p≤0.05) reduction of around 2 log after first 30 s of treatment and
nearly complete destruction after 60 s with a D value of 0.22 min (Figure 17). The counts
on PCA showed similar trends of Salmonella inhibition. The first 30 s showed a
reduction (p≤0.05) of 1.4 log with an overall reduction of 2.7 log after 60 s. Thus PCA
counts (for autoclaved inoculated pecans) did not show complete destruction of
Salmonella. The reason for differences in results obtained from PCA and BGA could be
that BGA is not able to recover the injured cells of Salmonella and PCA could be able to
recover those (Lucht 1997). These values are similar to the inhibition of Salmonella
senftenberg by dielectric treatment by 2 to 5 log in corn-soy-milk (Bookwalter and others
1982).
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Effect on the Quality of Shell and Nutmeat of Pecans
Instrumental Color Measurement
Different antimicrobial treatments had different effects on the objective color
values of the inshell pecans i.e. the shell of the pecans. The treatments showed following
effects on the „L‟, „a‟ and „b‟ values (Tables 1-3).
The „L‟ value of the inshell pecans was unaffected by most of the treatments.
Differences (p≤0.05) in the „L‟ value were observed only for the three of the treatments,
water dip at 57˚C, steam and dielectric heating treatments. The „L‟ values of the pecans
dipped in water at 57˚C and steam treated pecans were lower (p≤0.05) than that of the
control but there was no (p>0.05) difference observed among the different treatment
times. However, in the case of dielectrically heated inshell pecans, the „L‟ values were
lower than that of control (p≤0.05) as well as there were significant differences (p≤0.05)
among the different treatment times. In spite of these differences in „L‟ values of
dielectrically heated pecans, there was no specific trend observed in the „L‟ values with
time.
The „a‟ value of the inshell pecans was observed to be affected (p≤0.05) only by
the CSL solution treatments and no other treatment significantly (p>0.05) affected it. The
CSL treatments at all three temperatures, i.e. at ambient temperature, 57 and 88˚C
showed an increase (p≤0.05) in the „a‟ values from that of the corresponding controls.
These differences in „a‟ values were only between the treated pecans and the control.
There was no difference (p>0.05) observed in the „a‟ values among different treatment
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times other than the control. There was not a specific trend of the „a‟ values for the
different treatment times.
Similar to the „a‟ value, the „b‟ values of the inshell pecans were not affected
(p>0.05) by various treatments but the CSL treatments. CSL treatments at all three
temperatures showed significant (p≤0.05) increase in the „b‟ values of the treated pecans
from that of the corresponding controls. Like „a‟ value, there were no differences among
the different treatment times (p>0.05) with the exception of the CSL treatment at 57˚C.
The „b‟ values for different treatment times for the 57˚C CSL treatment were different
(p≤0.05). However, there was no specific trend of change in „b‟ values with time.
Chroma of inshell pecans treated with CSL solution at all three temperatures were
found to be different (p≤0.05) from the corresponding control similar to „a‟ and „b‟
values. This suggests that copper sulfate may affect the color of inshell pecans. Browning
index and hue of inshell pecans were unaffected (p>0.05) by any of the treatments.
The Hunter color value data shows that the differences observed are only
differences from the untreated control and there is no specific trend in change of these
values with respect to different treatments and treatment times. This may suggest that
whatever differences were observed in Hunter color values of inshell pecans are due to
the inherent color differences among different nuts (Forbus and others 1983), which were
only able to be captured objectively by instrumental means. The subjective color
measurement did not show significant (p>0.05) differences as discussed in the next
section.
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Treatment Effect Determination
The appearance of the inshell pecans was not different (p>0.05) among different
treatment times (Tables 4-6). There was no difference in the appearance of treated pecans
from that of the untreated control pecans. Even though there were differences in
instrumental color of treated inshell pecans for some of the treatments from that of the
controls, the panelists could not significantly recognize the differences in appearance of
inshell pecans. This suggests that in spite of objective color differences, human senses
were unable to recognize the differences.
The color of shelled pecans (nutmeat) was not different (p>0.05) for different
treatments and treatment times (Table 4-6). There was no difference in color of the
treated pecans from that of the controls, except for the dielectric heating for 60 s, color
was rated significantly lower than the control (Table 6). Also, panelists reported some
variation between different nuts of the same treatments (Water at R.T. for 300 s and
Tasker at 57˚C for 300 s). Some control nut samples were reported to be shriveled. The
reason for the color differences among the nuts of the same treatments could be simply
that the every nut is slightly different naturally (Forbus and others 1983).
The texture of shelled pecans was found insignificantly different (p>0.05) for
various treatments and treatment times (Table 4-6). Only few nuts of some treatments
(Water at R.T. for 20 s and dielectrically heated for 50 s) were reported to be „dry‟ in
texture. This dryness in the texture could be because of simply dry nature of the particular
nut (in case of Water at R.T. for 20 s) or could be because of the heating treatment drying
off the nuts to some extent (in the case of dielectric treatment for 50 s).
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Like all other attributes such as color and texture of shelled pecans, the flavor of
the pecans was not found to be different (p>0.05) in terms of the treatment effect scores
on the quality scale (Table 4-6). For most of the treatments and the treatment times, the
flavor was not different but for the dielectric treatment for 60 s, pecans were commented
much differently than other treatments. Pecans after the 60 s of dielectric treatment were
reported to be “burnt flavored”, “overcooked”, “roasted” and “lowest quality rating
(among all treatments)”. The main purpose of this sensory evaluation was not to examine
the acceptability of the treated pecans but to investigate whether the treated pecans differ
from the untreated control on the sensory characteristics. Thus, even though statistics
show that all the treatments were not different significantly as far as flavor is concerned,
the comments from the panelists show that the dielectric heating for 60 s does affect the
flavor and it is at least different from the control. However, Nelson and others (1985)
have found no effects on the flavor of pecans after dielectric treatment. That may be
because of the shorter time they used (four second).

48

Figure 6. Reduction of microbial load on the surface of inshell pecans by water at room
temperature at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 7. Reduction of microbial load on the surface of inshell pecans by CSL solution
at room temperature at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 8. Reduction of microbial load on the surface of inshell pecans by water at 57˚C
at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 9. Reduction of microbial load on the surface of inshell pecans by CSL solution
at 57˚C at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 10. Reduction of microbial load on the surface of inshell pecans by water at 88˚C
at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 11. Reduction of microbial load on the surface of inshell pecans by CSL solution
at 88˚C at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 12. Effect of water at room temperature on Salmonella counts of inshell pecans at
different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 13. Effect of copper sulfate (CSL) solution at room temperature on Salmonella
counts of inshell pecans at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 14. Reduction of microbial load on the surface of inshell pecans by steam
pasteurization at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 15. Reduction of Salmonella on the surface of inshell pecans by steam
pasteurization at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 16. Reduction of microbial load on the surface of inshell pecans by dielectric
heating at different treatment times
[xMeans followed by the same letter are not different (p>0.05).]
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Figure 17. Reduction of Salmonella on the surface of inshell pecans by dielectric
heating at different contact times
[xMeans followed by the same letter are not different (p>0.05).]
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a
5.55a
5.89a
5.70a
4.47a
5.97a
5.12a
5.54a
5.86a
5.86a
5.82a
4.93a
5.85a
5.54a
6.05a
5.87a

L
45.14abx
44.28ab
44.28b
44.28ab
44.28a
45.88a
42.85b
43.36b
42.75b
42.87b
44.51a
42.11b
42.89ab
42.72ab
43.20a

Time
0
20
40
60
300
0
20
40
60
300
0
20
40
60
300

13.77b
14.92a
14.51ab
14.98a
15.16a
14.53a
14.52a
15.00a
14.89a
15.07a
14.20b
14.94ab
15.54ab
15.63a
15.39ab

b
63.8a
64.1a
64.3a
65.6a
64.2a
66.2a
64.8a
64.4a
64.3a
64.6a
66.4a
64.4a
66.0a
64.5a
64.9a

Huey
14.9b
16.1a
15.6ab
15.9ab
16.3a
15.4a
15.5a
16.1a
16.0a
16.2a
15.0b
16.1ab
16.5ab
16.8a
16.5ab

0b
20.0a
18.4a
16.7a
18a
0b
20.4a
14.8a
18.0a
16.1a
0b
21.1a
15.6a
18.4a
19.1a

Chromaz ΔEw
250.9a
260.2a
245.6a
245.1a
273.0a
235.5a
236.9a
254.5a
250.3a
249.6a
218.6a
246.2a
237.6a
258.3a
254.1a

La

622.1a
662.3a
626.5a
670.3a
692.8a
667.0a
621.9a
651.0a
636.7a
646.3a
633.1a
629.3a
667.2a
668.5a
666.6a

Lb

y

Means followed by the same letter within a column for one temperature are not different (p>0.05).
Hue= tan-1(b/a)
z
Chroma: Saturation Index= (a2 + b2)1/2
w
ΔE: Browning Index = (L2-L02)1/2 + (a2-a02) + (b2-b02), where L0, a0, b0: Hunter color values of controls.

x

88

57

Temperature
(˚C)
27 (R.T.)

Table 1: Hunter color values of inshell pecans treated with water at different temperatures and times.
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a
5.25b
6.63a
6.38a
6.85a
6.52a
4.96b
6.99a
6.68a
6.63a
6.74a
5.01b
6.68a
6.86a
6.83a
7.20a

L
45.33bx
46.46ab
47.05ab
47.48a
47.50a
44.61b
46.62ab
47.41a
45.39ab
47.50a
45.60a
45.84a
46.07a
45.19a
46.59a

Time
0
20
40
60
300
0
20
40
60
300
0
20
40
60
300

14.27b
17.01a
17.45a
17.75a
17.95a
14.16c
18.06ab
18.42a
17.28b
18.44a
14.71b
17.93a
17.96a
17.63a
18.80a

b
65.4a
64.4a
65.5a
64.6a
65.7a
66.3a
64.5a
65.7a
64.7a
65.6a
66.7a
65.2a
64.7a
64.5a
64.7a

Huey
15.2b
18.3a
18.6a
19.0a
19.1a
15.0b
18.5a
19.4a
19.6a
19.7a
15.6b
19.1a
19.2a
18.9a
20.1a

0c
21.1ab
19.4ab
22.9a
12.8b
0b
28.3a
21.7a
21.1ab
21.6a
0c
25.9a
16.6b
22.3ab
21.6ab

Chromaz ΔEw
238.0b
307.8a
300.3a
325.7a
309.8a
221.4b
325.8a
316.9a
301.1a
320.4a
228.4c
306.1b
315.9ab
308.6ab
335.1a

La

647.6b
790.5a
823.1a
842.6a
852.6a
632.6c
843.6ab
873.5ab
785.2b
876.8a
671.1b
822.3a
827.9a
798.0a
878.1a

Lb

y

Means followed by the same letter within a column for one temperature are not different (p>0.05).
Hue= tan-1(b/a)
z
Chroma: Saturation Index= (a2 + b2)1/2
w
ΔE: Browning Index = (L2-L02)1/2 + (a2-a02) + (b2-b02), where L0, a0, b0: Hunter color values of controls.

x

88

57

Temperature
(˚C)
27 (R.T.)

Table 2: Hunter color values of inshell pecans treated with copper sulfate (CSL) solution at different temperatures and
times.
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0
30
40
50
60

Time
0
10
20
30
60
120
180
44.88a
42.00bc
42.13b
40.37cd
40.19d

L
44.35ax
41.10b
41.33b
41.43b
40.62b
41.23b
40.57b
5.06a
5.66a
5.52a
5.71a
5.33a

a
5.14b
5.93ab
6.44a
5.87ab
6.32a
6.30a
6.41a
15.21ab
15.47ab
15.72a
14.99ab
14.42b

b
14.86b
15.48ab
16.42a
16.00ab
16.16a
15.71ab
15.80ab
67.1a
65.6ab
66.2ab
64.8b
65.4ab

Huey
66.5a
64.8ab
64.3ab
65.4ab
64.4ab
64.0ab
63.7b
16.0a
16.5a
16.7a
16.1a
15.4a

Chromaz
15.7b
16.6ab
17.7a
17.1ab
17.4a
16.9ab
17.1ab
0b
20.7a
15.4a
22.0a
14.4a

ΔEw
0c
25.0a
14.8b
20.5ab
18.1ab
20.4ab
16.4b
227.3a
238.4a
232.6a
230.8a
214.5a

La
228.1a
244.1a
266.3a
242.9a
257.7a
260.4a
259.8a

638.4a
650.6abc
662.8ab
606.2bc
579.6c

Lb
660.1a
636.3a
678.6a
664.4a
657.5a
649.1a
641.3a

y

Means followed by the same letter within a column for one temperature are not different (p>0.05).
Hue= tan-1(b/a)
z
Chroma: Saturation Index= (a2 + b2)1/2
w
ΔE: Browning Index = (L2-L02)1/2 + (a2-a02) + (b2-b02), where L0, a0, b0: Hunter color values of controls.

x

Dielectric
Heating

Treatment
Steam

Table 3: Hunter color values of inshell pecans treated with steam and dielectric heating at different times.

Table 4: Treatment effect determination scores of pecans treated with water at different
temperatures and times.

Temperature
(˚C)
27 (R.T.)

57

88

Time
(s)

Inshell
Pecan
Appearance
x

Shelled Pecan
Color

Texture

Flavor

0

4.2a

3.8a

4.6a

4.4ab

20

3.6a

3.0a

3.6b

3.6b

40

3.8a

3.8a

4.6a

4.8a

60

3.8a

4.2a

4.2ab

4.2ab

300

3.8a

4.2a

4.2ab

4.0ab

0

3.8a

4.6a

4.2a

4.2a

20

3.6a

3.6b

4.4a

4.2a

40

3.4a

4.2ab

4.4a

4.0a

60

3.4a

4.8a

4.2a

4.0a

300

3.4a

4.0ab

4.0a

3.4a

0

3.6a

3.8a

3.4a

3.0a

20

3.8a

4.0a

4.4a

4.0a

40

3.4a

4.2a

4.0a

3.8a

60

3.6a

4.2a

4.2a

4.0a

300

3.6a

4.2a

4.4a

4.2a

x

Means followed by the same letter within a column for one temperature are not different
(p>0.05).
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Table 5: Treatment effect determination scores of pecans treated with CSL solution at
different temperatures and times.

Temperature
(˚C)

Time
(s)

Inshell
Pecan

Shelled Pecan

Appearance Color Texture
27 (R.T.)

57

88

Flavor

0

4.2ax

3.8a

4.6a

4.4a

20

4.4a

3.6a

4.2a

3.6b

40

4.0a

3.8a

4.4a

4.2ab

60

4.2a

3.6a

4.2a

4.2ab

300

4.2a

4.6a

4.4a

4.4a

0

3.8a

4.6a

4.2a

4.2a

20

4.0a

4.2a

4.0a

4.2a

40

4.0a

4.0a

4.4a

4.2a

60

3.4a

4.6a

4.6a

4.0a

300

3.6a

3.8a

4.6a

3.4a

0

3.6a

3.8a

3.4a

3.0a

20

4.0a

3.2a

3.8a

3.4a

40

4.0a

3.6a

4.4a

4.0a

60

4.2a

3.8a

3.8a

4.0a

300

4.8a

4.6a

4.8a

4.8a

x

Means followed by the same letter within a column for one temperature are not different
(p>0.05).
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Table 6: Treatment effect determination scores of pecans treated with steam and
dielectric heating at different times.

Treatment

Steam

Dielectric Heating

Time
(s)

Inshell
Pecan

Shelled Pecan

Appearance

Color

Texture

Flavor

0

3.8ax

3.8ab

4.0a

4.4ab

10

3.8a

4.4ab

4.4a

4.8a

20

3.8a

3.8ab

3.8a

3.6b

30

3.2a

4.2ab

4.0a

4.0ab

60

3.8a

3.6b

4.2a

4.0ab

120

4.0a

4.2ab

4.4a

4.4ab

180

3.4a

4.6a

4.6a

4.4ab

0

3.0a

4.0a

4.2a

4.2a

30

3.8a

3.8ab

3.8a

3.4a

40

3.8a

3.2ab

4.0a

3.8a

50

3.6a

3.4ab

3.4a

3.6a

60

3.6a

2.2b

3.6a

3.0a

x

Means followed the same letter within a column for one treatment are not different
(p>0.05).
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CHAPTER V
SUMMARY AND CONCLUSIONS
Since the outbreaks of Salmonella on almonds occurred, much attention has been
given in terms of regulations and guidelines to ensure the safety of almonds by
encouraging almond growers and processors to pasteurize their almonds. Research
attempts have been focused on developing pasteurization techniques to ensure safety of
almonds. As efforts have been made towards the safety of almonds, there is certainly a
necessity of ensuring the safety of the other nuts. The main objective of this study was to
develop and evaluate strategies/intervention methods to reduce microbial and pathogenic
load on inshell pecans.
Inshell pecans could be an important source of pathogenic cross-contamination in
the early stages of post-harvest and processing. Thus, this study was focused on reducing
microbial and pathogenic load on inshell pecans. The purpose of this study was to
investigate the efficacy of three different antimicrobial techniques; copper sulfate
antimicrobial treatment, steam pasteurization and dielectric heating to inhibit the
microorganisms especially Salmonella on the surface of inshell pecans.
The copper sulfate (CSL) chemical Tasker® solution was found to be effective
(p≤0.05) in reducing microbial load on inshell pecans with increasing contact time at
room temperature (27˚C). Contact time of 300 s was found to be optimum for CSL
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treatment at 27˚C with at least 60 s of contact time to show antimicrobial effect.
Treatment at 27˚C showed that it takes some time (up to 60 s) to break microbial clumps
from the surface of the pecans and detach microorganisms into either water or CSL
solution. The antimicrobial effect of water and CSL solution increased with increase in
temperature. The CSL treatment was overall found to be significantly more effective
(p≤0.05) than water. The CSL treatment at highest temperature used in this study; 88˚C
completely destroyed microorganisms from the surface of the inshell pecans in 60 s. The
CSL treatment at 27˚C was found to be very effective against Salmonella. It resulted in
around 3.4 log reduction of Salmonella in 60 s. Thus, CSL treatments were found to be
effective at higher temperatures (57 and 88˚C) for overall microbial reduction and at any
temperature for Salmonella inhibition. Even though Hunter color values showed some
color changes in the inshell pecans, there was no specific trend of change in those color
values. There were insignificant effects observed in the sensory characteristics of the
pecans by water and CSL solution treatments.
Dielectric treatment reduced overall microbial load as well as inhibited
Salmonella on the surface of the inshell pecans in 60 s. The effect was more drastic in
Salmonella inhibition than the overall microbial load reduction. The dielectric treatment,
however, affected the quality of pecans at higher treatment times, especially at 60 s. The
60 s of treatment roasted or even burnt the pecans. Thus, even though dielectric treatment
was found to be effective against microorganisms, it could be the least preferred among
all the three antimicrobial treatments studied.
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Steam treatment was found to be the most effective in reducing microbial load
and inhibiting Salmonella on the surface of the inshell pecans. Steam gradually reduced
microbial load on pecans with time. It achieved significant reduction (p≤0.05) in the first
30 s and eventually completely destroyed microorganisms in 180 s. The effect of steam
on Salmonella was most drastic and the quickest among all the treatments. Steam
completely destroyed Salmonella in just 30 s. There were no effects observed in the
quality of steam treated pecans.
Thus, all the three pasteurization treatments were found to be effective in
reducing microbial load and inhibiting Salmonella on the surface of the inshell pecans.
Among all these treatments steam pasteurization was found to be the most effective and
efficient in terms of microbial and pathogenic inhibition as well as in keeping the quality
of pecans.
In future, efforts should be focused on investigating potential alternative
pasteurization techniques for the pecans and other nuts. The concentration of the copper
sulfate containing antimicrobial can be optimized for the best antimicrobial effects. The
combination of these three antimicrobial treatments can also be investigated for the best
antimicrobial effects.
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Table 7. The D values for different antimicrobial treatments on inshell pecans.

Treatment

APC

D Value
(minute)
Salmonella Counts
PCA

BGA

WTR 27˚C

0

0

0

CSL 27˚C

2.41

0.33

0.29

WTR 57˚C

4.03

…

…

CSL 57˚C

1.12

…

…

WTR 88˚C

0.79

…

…

CSL 88˚C

0.16

…

…

Steam

0.81

0.1

0.05

Dielectric Heating

0.37

0.37

0.22
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Figure 18. Reduction of Microbial Load (APC) by water (WTR) and copper sulfate
(CSL) solution at different temperatures and contact times
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Quality Evaluation of Pecans
Please rate the provided pecan samples using the following guidelines (Description) on a
5-point quality scale.
A. For the Inshell Pecans Appearance:
5: Very Acceptable: Bright appearance, very light brown, uniform surface with no
dark spots on the surface.
4. Acceptable: Light brown color, bright appearance, negligible dark spots on a
uniform surface.
3. Neither Acceptable nor unacceptable: Slightly brown.
2. Unacceptable: Dark brown in color, noticeable and sufficient number of dark or
black spots on an irregular surface with few cracks on it.
1. Very unacceptable: Roasted (cooked) appearance, damaged shell with nutmeat
visible.
B. For Shelled Pecans or Pecan Kernels (Nutmeat)
Appearance/Color
5. Very Acceptable: Shiny golden or lighter color with no visual defects like spots at
all.
4. Acceptable: Light brown in color and/or negligible defects.
3. Neither Acceptable nor unacceptable: Medium brown in color with few black
spots.
2. Unacceptable: Dark brown in color, noticeable dark spots and/or some insect
damage.
1. Very unacceptable: Very dark in color with dark spots covering major part of the
nut, insect damage, and/or mold growth.
Texture
5. Very Acceptable: Very crunchy and firm texture.
4. Acceptable: Crunchy but not very firm texture or vice versa.
3. Neither Acceptable nor unacceptable: Slightly crunchy and slightly firm.
2. Unacceptable: Soft texture with lack of crunch and firmness.
1. Very unacceptable: Very soft, soggy texture, doesn‟t feel like a nut!
Flavor
5. Very Acceptable: Rich nutty flavor, sweet, no rancid flavor, no roasted/cooked
flavor.
4. Acceptable: Nutty, slightly sweet, no rancid flavor and no roasted flavor.
3. Neither Acceptable nor unacceptable: Nutty, slightly rancid flavor, no sweetness
and no staleness.
2: Unacceptable: No nutty flavor, slightly bitter, rancid and roasted.
1: Very unacceptable: Bitter, burnt, very rancid, moldy and/or other off-flavors.
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Sample
436
890
675
378
901
587
292
743
688
124
543
692
207
343
604
250
401
319
281
186
376
952
102
755
610
515
416
289
988
589
151
260
163

Inshell Pecan
Appearance
Appearance

Shelled Pecan
Appearance/Color Texture

Comment
Flavor

Figure 19. The guidelines and scoresheet for the treatment effect evaluation of inshell
and shelled pecans
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